ABSTRACT
Identifying the sequence links between groups of homologous sequences aids in the determination of function and the analysis of evolutionary conservation. For analysis of divergent families and superfamilies, such linking sequences often have very low sequence similarity to most or all of the sequences contained within the families/superfamilies that they bridge, rendering them very difficult to detect, especially when searching with one sequence at a time. Moreover, while many sequences may appear congruently in search outputs using distantly related sequences as queries, it is not trivial to determine which of these would be most useful for use in subsequent iterations of a complex search strategy. We have developed the Intersect program in an effort to help researchers identify and visualize the sequence links among sets of homologous sequences, including those representing very divergent relationships.
Several useful programs exist to aid in the identification of potential homologs within sequence databases. These include FASTA (Pearson and Lipman, 1988) , BLAST (Altschul et al., 1990) , PSI-BLAST (Altschul et al., 1997) , and several approaches using hidden Markov models (Eddy, 1996; Sjolander et al., 1996) . The output files of these searches often contain distant homologs hidden in regions of low statistical significance. Examination of the overlap among multiple * To whom correspondence should be addressed.
searches, each performed with a different but related query sequence, can often distinguish these true homologs out of the noise (Pegg and Babbitt, 1999) . In addition, breaking multiple database searches into sets associated with the original query sequences allows the user to search for sequences that bridge the sets of search results. For example, a user may perform five database searches using query sequences from family A, and five from family B (a total of 10 database searches). Sequences bridging families A and B can be found by looking for sequences reported in both the output files for family A and those for family B. Intersect is also useful for examining new hypotheses about relationships among two or more families/superfamilies. Sequences from families hypothesized to be related can be used as queries for congruent database searches followed by Intersect analysis. The linking sequences found may provide evidence of potential relationships that can be examined further by independent methods. A non-automated version of this approach was successfully used to deduce that the pcpA (gi3760223) gene, found in a pathway associated with the metabolism of pentachlorophenol in S. chlorophenolica, belongs to a new and unusual class of extradiol dioxygenases (Xu et al., 1999) .
The Intersect program allows users to identify the sequences reported across multiple sets of output files by providing congruence analysis functionality via a graphical user interface. Each user-defined set of output files is designated by a color (chosen automatically, but also configurable by the user). This color-coding allows for the rapid identification of the sets contributing to each overlapping region. The current version of Intersect supports FASTA, BLAST (both NCBI and Wustl versions), and PSI-BLAST output files. Sets of output files may contain any mixture of these formats. As a result, Intersect can be used to rapidly estimate the specificity and selectivity of these search methods on a particular query or database.
Each non-empty region of the set space is displayed as a color-coded tab in the upper right panel of the interface. Three sets of output files (A, B, and C, for example) could have at most seven non-empty regions (A, B, C, A + B, A + C, B + C, and A + B + C). Clicking on a tab displays the sequences contained within the region, including information regarding which individual search file reported each sequence and Fig. 1 . The Intersect interface. At the bottom left are three sets of BLAST output files grouped by the family membership of the query sequences. All query sequences were members of the enolase superfamily (Babbitt et al., 1996) , and were members of either the mandelate racemase (blue), muconate lactonizing enzyme (green), or enolase (pink) subfamily. The upper right panel displays a color-coded clickable tab for each non-empty overlap between the search results or for each set of search results for a single subfamily. The upper left panel shows the Venn diagram for the same data. Clicking on either the tab or the corresponding region on the Venn diagram brings up the inset window in which information about the sequences populating the region is displayed.
its associated significance score (as reported by the database search program, e.g. BLAST E-value) . Intersect allows the user to filter the sequences reported according the their significance scores with both high and low cutoff values.
When the total number of sets is under five, a Venn diagram of the set overlap can be displayed as overlapping rectangles (Fig. 1) . (Note that a five set Venn diagram has at most 31 nonempty subsets, making it too busy to be practically useful in this application.) The area of the overlapping regions is not scaled by the number of sequences contained within them, and empty regions are colored black. The program allows for the diagram to be easily labeled and printed. Clicking on any of the colored regions brings up the text-based window displaying the details of the sequences contained within it.
Intersect is written in Python to allow for platform independence. It is available (along with a comprehensive user's manual) free of charge to investigators from academic or other non-profit institutions at http://www.babbittlab.ucsf.edu/software/intersect.
